ABSTRACT
INTRODUCTION
Trace metals are natural components of the hydrosphere and many are necessary, in minute quantities, for the metabolism of organisms (e.g., arsenic, copper, iron, molybdenum, tin, etc.) (Ward, 1995) . However, elevated concentrations in tissues induce toxicity through interference with enzymatic activity, among others (Ward, 1995) . In some cases, the difference between deficiency and excess (toxic) levels may be as small as a few µg g -1
. (Plant et al., 2001) . Several metals, such as cadmium, mercury and lead, are considered highly toxic (Demayo et al., 1980; Demayo, 1981; FDA, 1993a and 1993b) . Those do not normally participate to metabolism and, at least in humans, are accumulated throughout the entire life of an individual. Industrial development and urban expansion frequently are cause to a rise in heavy metal levels in the environment (Rainbow, 1985) . Sources of anthropogenic contamination for the aquatic environment include urban sewage (arsenic, chromium, copper, manganese, nickel) , biomass combustion (arsenic, mercury, selenium), metal processing (cadmium, nickel, lead, selenium, chromium, molybdenum, antimony, zinc) , and seepage from refuse deposits (arsenic, manganese, lead) (Nriagu and Pacyna, 1988) . For obvious reasons, acute poisoning of aquatic organisms has been intensely studied (e.g., Mance, 1987) . Longterm and in situ comparison studies (e.g., DelValls et al., 1998; Chang et al., 1998) clearly demonstrated the relation between sediment contamination and reduced health of both benthic and demersal fish. Metals are potentially susceptible to bioaccumulation and biomagnification, i.e., absorption from the inorganic compartments of the environment and transmission from lower to higher levels in the food chain (e.g., Blackmore, 2000) . Such processes, well demonstrated for mercury (Smith and Smith, 1973) , may heavily impact on top predators (including humans) through chronic poisoning.
Assimilation efficiency and accumulation of metal from ingested food are dependent upon biological factors as diverse as taxa-specific digestive physiology and metal distribution in preys, among numerous others . Metals are further regulated by metallothioneins and others metal binding-proteins (Chang et al., 1998) . Fishing in estuaries is a widespread activity (Joyeux and Ward, 1998) . High fishing yields per unit area result from high primary productivity (Nixon, 1982) , rapid growth and high survival of target species (Laegdsgaard and Johnson, 2000) . Vitória Bay, a polluted Brazilian estuary, is no exception. However, no fishery statistics are available. The most destructive gears (e.g., otter trawl) have been outlawed, although they are still in use, and the other gears are utilized by unlicensed part-time and subsistence fishermen. A previous study has shown that the mussel Mytella guyanensis and the oyster Crassostrea rhizophorae present elevated contamination levels for zinc and chromium (Saraiva, 2000) , and there are strong concerns that other biotic compartments are contaminated as well. In the bay, top piscivores are represented by predatory fishes (essentially snooks, snappers, and moray eels), piscivorous birds (essentially egrets and herons, but also kingfishers), and man. According to the local population, top mammalian carnivores such as porpoises and dolphins have long disappeared from the bay. The present work aimed at determining the concentrations of the trace metals cadmium (Cd), chromium (Cr), copper (Cu), lead (Pb) and zinc (Zn) in the comestible parts of locally commercialized and subsistence fish from Vitória Bay to evaluate health risks linked to fish consumption. The specific status is of reduced importance for both subsistence fisherman and local consumer in the taxa studied. Thus, instead of using species, the study focused on two genera of detritivorous and carnivorous fishes and emphased the detection of size-concentration relationships and seasonal variability that could affect health risk
MATERIALS AND METHODS
The estuarine system of Vitória Bay is located around the island capital of the state of Espírito Santo, Brazil (20 o 19'S and 40 o 20'W) (Fig. 1) . Waters from various tributaries mix with oceanic waters entering through the two channels Canal do Porto and Canal da Passagem, and with urban and industrial sewage generated by more than one million inhabitants. Less than 30% sewage undergoes primary treatment. The climate is typically tropical with a dry winter and a wet summer. Seasonal conditions directly influence the physico-chemical caracteristics of the water. In the central portion of the bay, temperature and salinity were 27.4ºC and 26.6ppt in February 2001 (n = 24) and 22.9ºC and 30.2ppt in July 2001 (n = 24; Joyeux and colleagues, unpublished data). Genera of the families Centropomidae (snook) and Mugilidae (mullet) were chosen as they belong to well differentiated trophic groups, are relatively abundant in the estuary, and attain a large size propitious to the detection of metal accumulation (Carvalho Filho, 1999) . Snook are opportunistic top carnivores (i.e., secondary consumers) that tend to primarily prey on fish in the water column, including mullets, and secondarily on benthic macrocrustaceans (Marshall, 1958; Carter et al., 1973; Seaman and Collins, 1983; Teixeira, 1997) . The two species present in our samples were the common snook Centropomus undecimalis (Bloch 1792), and the fat snook Centropomus parallelus Poey 1860. Feeding habits of the two species are similar. Grey mullets are essentially detritivorous fishes that complete their diet with macroalgae, microphytobenthos and small invertebrates caught on the bottom (Drake et al., 1984; Cardona, 2001 (Fig. 1 ). Fishermen were interviewed to ascertain that each fish was caught in the central portion of the bay, close to the landing area. The boats used were generally unpowered, providing further assurance of the specimens origin. Fishes were identified, measured (total length ± 0.5cm) and weighted (wet weight ± 1g). All materials and recipients were descontaminated with 5% HNO 3 . From each fish, two replicates of trunk white muscle were extracted, placed in plastic bags and frozen. Prior to analysis, replicates were left to thaw at ambient temperature. Approximately 3g of flesh was extracted from each replicate and weighted with a digital balance of 0.001g precision. Samples were added in teflon bombs with 5mL nitric acid and were digested in microwave oven. The resulting solution was completed to 25mL with de-ionized water (Amaral, 1989) . Water content determination was conducted by drying selected samples in 100ºC oven until constant weight (Mo and Neilson, 1994) . and MA-A-2 ('fish flesh homogenate', International Atomic Energy Agency) digested in microwave oven in 5mL nitric acid and completed to 25mL with de-ionized water. Two readings of each reference material or replicate were done, and the resulting mean was used in the statistical analyses. All results were expressed in mg g -1 wet weight, excluding for the reference material.
Dependent variables (length, weight, and metal concentrations) were tested for normality (Kolmogorov-Smirnov-Lilliefors test; Legendre and Legendre, 1983) . Non-normal variables were transformed prior to inclusion in statistical models. Significance level (α) was set to 0.05. When the transformed variable did not meet the assumptions for normality, α = 0.01 was used. Analyses of variance were carried out to detect differences in trace metal concentration between the two seasons and the two genera. The model of ANOVA with repeated measures was considered appropriate since two replicates were collected from each fish (Zar, 1999) . The statistical analyses were run on SPSS (SPSS, Inc., 1989) .
RESULTS

Reference material
Overall, few discrepancies were detected between analyzed and certified concentrations in the reference materials (Table 1) . Standard recovery for DORM-2 and MA-A-2 varied 109% for Cd, 79-108% for Cr, 97-100% for Cu, 92-123% for Pb and 105-109% for Zn. According to the reference materials tolerance limits or standard error, all major discrepancies occurred with DORM-2: Cd concentration was estimated slightly high in February and July, Cr low in July, and Pb high in February. The reference material MA-A-2 was found more appropriate than DORM-2 due to Cr and Pb concentrations closer to those from the fish samples.
Trace metal concentrations
Mean concentrations (non-transformed data) for the two sampling periods and the two genera are given in Table 2 . At first glance, there were no obvious differences between February and July samples. Zinc varied between genera, and snook presented a mean concentration almost two times higher than that of mullet, although with a large standard deviation. No such difference was readily apparent for the other metals. Dry weight concentrations can be obtained by multiplying the wet weight concentrations used throughout the present study by 4.31 for snook (76.8% water) and 4.03 for mullet (75.2% water). 
Size concentration relationships
Sampled snooks were 19-70cm long, with weight varying between 68 and 3550g. Mullets were smaller (18-50cm) and lighter (55-905g).
Concentrations of Cd, Cr, Cu and Zn were significantly and positively correlated with snook length (Table 3 and Figure 2 ). Significant correlations were also evidenced between Cu and Zn concentrations and wet weight (Table 3) . A significant and negative correlation was detected in mullet between Cr concentration and length (Table 3 and Figure 2 ).
Variation between seasons and genera
No significant differences between replicates were detected by the within-subject tests (Table 4) . The significant interactions Replicate*Season for Ca resulted from a higher variability between replicates in July, the second replicate being lower than the first. In the case of Pb, the interaction Replicate*Season indicated the first replicate to be significantly lower than the second in February, while the opposite occurred in July. Chromium and copper concentrations did not vary between genera or seasons (Table 4 ; see also Table  2 ). Mullet presented higher concentrations of Cd and Pb, and lower of Zn, than snook. Cadmium and lead concentrations were highest in February (Tables 2 and 4 ). The interaction Genus*Season in the ANOVA for Cd showed the concentrations to be approximately equal in the two genera in February, and significantly higher in mullet than in snook in July.
DISCUSSION
Variation of concentration between replicates was small, but readily apparent in two cases for snook (i.e., Cr and Cu; see Figure 2 ). Such variation could be related to the exact nature of the sampled tissue (i.e., a possible contamination by a small proportion of red muscle) and amplified by the logarithm transformation applied to the data. This observation emphasizes that the intra-individual variability is important and that consumption may affect differently humans and other piscivores. These generally consume their prey whole, and may be contaminated by organs (gills, bones, liver, spleen, etc) that specifically accumulate metals (see for example Wood and Van Vleet, 1996, and Parsons, 1999) . None of the metals analyzed in the present study has been reported as being commonly bioaccumulated (e.g., Miramand et al., 1998 ; but see Ni et al., 2000) and, in fishes, metal levels generally diminish from the bottom (i.e., mullet, as primary consumers) to the top of the food chain (i.e., snook, as secondary consumers) (Mance, 1987) . Our study showed little evidence for such phenomena (T ables 2 and 4) or its opposite (i.e., bioaccumulation). With the exception of Zn, our results strongly contrast with that of Fernandes et al. (1994) , who demonstrated that Cu and Cr are higher and Zn lower in the edible parts of mullet (Mugil sp.) than of snook (Centropomus sp.) caught in a lagoon in Rio de Janeiro.Frequently, concentrations decrease with age and size of the organisms because contamination does not always happen through ingestion but through contact across a permeable membrane such as the gill (Mance, 1987) . Contact between fish and contaminating water (the ratio between surface and volume) decreases when the individual grows. Such lowering of the concentration with size was evidenced for Cr in mullet. However, positive correlations were found between Cd, Cr, Cu and Zn and size or weight of snook. The concatenation of different species within each genus could have masked (or enhanced) size-concentration relationships. Alternatively, restricted range of size and weight could have impeded the detection of a correlation with the concentration of Cd, Cu, Pb and Zn in mullet. Ninety-five percent of mullet were 36cm and 398g or less (the largest was 50cm and 905g), while snook reached 70cm and 3550g. More probably, increase or decrease (or absence of relationship) of metal concentration with size in a particular environment is both metal-specific and taxa-specific (e.g., Mears and Eisler, 1977) . Temporal variations in trace metal concentrations are frequently attributed to the effects of seasonality. That the observed variation (Table 4) could be related to seasonal diet changes was out of the scope of this study. Actually, there is no information on ontogenetic shift in diet, spatial distribution and population biology of the studied taxa and of their preferential preys within the estuarine system. Metal contamination in the biotic (i.e., Saraiva, 2000; present study) and abiotic compartiments of Vitória Bay are poorly known. Philips (1980) noted that in fish highest concentrations are generally observed by the end of winter and beginning of spring (slow growth period) and lowest concentrations by the end of summer (fast growth period). However, Cd and Pb concentrations in fishes from Vitória Bay were significantly higher in February (summer) than in July (winter) ( Table 4 ). The bay presents accentuated variations in its physico-chemical characteristics, and the water is typically colder and saltier during the winter. Entry of nonbioaccumulating metals in organisms is generally correlated positively with temperature (through increase in the rate of metabolism) and negatively with salinity (Mance, 1987) . Table 3 -Linear correlation (r = Pearson coefficient) between metal concentration (transformed data) and biometrics of the two genera. The two replicates from each fish were used (n = 40 for all metals). P : probability; n.s. = not significant.
Length ( . Significant regression lines were overlaid to the data (see Table 3 ). Winter conditions limiting metal entry or summer conditions favoring entry could be reflected in the observed variation of concentration of Cd and Pb in muscular tissues. This hypothesis, however, is not satisfactory in relation to Cr, Cu and Zn that did not present seasonal variation (Table 4) . Few studies on metal contamination in fish muscular tissue from Brazilian estuaries have been published. Pfeiffer et al. (1985) reported extremely high contamination levels in mullet (Mugil sp.) from Sepetiba Bay (state of Rio de Janeiro). In this study, all fishes were captured in a single season (summer 1982/83) . Chromium, copper, lead and zinc concentrations were two to three times higher than in Vitória Bay presently. Cadmium was the exception, with a contamination level equivalent to that found in the present study. Analyses on Mugil liza (and other estuarine fishes) caught in summer and fall 2000 recently evidenced a steep deterioration since that time (de Souza Lima et al., 2002) . As can be determined from the figures, Cr concentration in gonads was 4-7 times higher than in muscle, but concentrations of other metals (Cd, Cu, Pb and Zn) were similar in both tissues. Eysink et al. (1990) (Table 2) . However, consequences on human health from fish muscular tissue consumption are not expected since Cr is especially toxic under its ionic form 6+ (hexavalent) while most of Cr fixed in biota is under the form 3+ (FDA, 1993c) . In fact, Cr is not one of the metals described in the Environmental Health Criteria series (EHC), nor in the Poisons Information Monographs (PIMS) published by the International Program of Chemical Safety (IPCS) of the World Health Organization (WHO). However, levels of Pb could be of concern. Acceptable intake suggested by FAO/WHO (1987) is 25 µg kg -1 per week for children, which correspond approximately to 200g of fish per day for a child of 15kg. More strictly, FDA (1993b) suggested a maximum intake of 6 µg per day for children under the age of six, ie. about 25g of muscular tissue from snook or mullet caught in the bay. Both agencies defined higher limits for adults, respectively 50 µg kg -1 per week and 75µg per day. A (good?) point is that larger fish do not appear to present higher health concern than smaller ones (Figure 2 and Table 3 ). In another hand, summer concentrations were 138% those of winter and mullet concentrations were 117% those of snook (Table 2 and Table 4 ). These findings indicated that health risks could be significantly higher for cheaper subsistence fish (mullet) during high abundance and high demand periods (ie., summer)(cf., Hanazaki, 2001 
RESUMO
Tecidos musculares de tainhas (Mugil sp.) e robalos (Centropomus sp.) foram analisados por espectrometria de absorção atômica para determinar as concentrações dos metais cádmio, cromo, cobre, chumbo e zinco no músculo e avaliar os riscos a saúde humana resultante do consumo do pescado. Todos os indivíduos foram capturados por pescadores de subsistência na Baía de Vitória, um estuário brasileiro com numerosos lançamentos de efluentes não tratados de origem doméstica e industrial. Baseado na presunção que pescador de subsistência e consumidor local mostram pouca preferência (culinária ou outra) dentro de cada desses taxa, análises foram conduzidas, e resultados reportados, para gêneros em vez de espécies. Em robalos, as concentrações de cádmio, cromo, cobre e zinco aumentaram significativamente com o tamanho ou o peso. Em tainhas, o cromo diminuiu com o comprimento. Maiores teores de cádmio e chumbo e menores de zinco foram encontrados em tainhas que em robalos. Os teores de cádmio e chumbo foram significativamente mais altos em fevereiro (verão) que em julho (inverno). Cromo apresentou concentração acima dos teores admissíveis pela legislação brasileira em frutos do mar. Porém, o maior risco à saúde está provavelmente relacionado à concentração em chumbo, especialmente em relação ao consumo de pescado por crianças.
